Propofol modulates the lipid phase transition and localizes near the headgroup of membranes.
The compound 2,6-diisopropylphenol (Propofol, PRF) is widely used for inducing general anesthesia, but the mechanism of PRF action remains relatively poorly understood at the molecular level. This work examines the possibility that a potential mode of action of PRF is to modulate the lipid order in target membranes. The effect on monolayers and bilayers of dipalmitoyl-sn-glycero-3-phosphorylcholine (DPPC) was probed using Langmuir monolayer isotherms, differential scanning calorimetry (DSC), isothermal titration calorimetry (ITC) and molecular dynamics (MD) simulations. Increasing amounts of PRF in a DPPC monolayer causes a decrease in isothermal compressibility modulus at the phase transition. A partition constant for PRF in DPPC liposomes on the order of K≈1500 M(-1) was found, and the partitioning was found to be enthalpy-driven above the melting temperature (Tm). A decrease in Tm with PRF content was found whereas the bilayer melting enthalpy ΔHm remains almost constant. The last finding indicates that PRF incorporates into the membrane at a depth near the phosphatidylcholine headgroup, in agreement with our MD-simulations. The simulations also reveal that PRF partitions into the membrane on a timescale of 0.5 μs and has a cholesterol-like ordering effect on DPPC in the fluid phase. The vertical location of the PRF binding site in a bacterial ligand-gated ion channel coincides with the location found in our MD-simulations. Our results suggest that multiple physicochemical mechanisms may determine anesthetic potency of PRF, including effects on proteins that are mediated through the bilayer.